Again, certificates stating that a rheumatic child should not attend school on wet days, and that in convalescent cases it should attend for half days only, should be allowed. I gratefully acknowledge that in Paddington I have met with no difficulties in these matters.
I know that the system of grants as at present in working militates against the use of medical common sense in the attendance of delicate children; yet we must insist upon the fact that the school exists for the child, and not the child for the school.
Detection.-I am afraid it must be confessed that the ordinary routine of school medical inspections fails to discover the rheumatic child or the victim of heart disease in the great majority of cases. The questions arise: (1) Ought this diagnostic work to be expected of the school medical service; and (2) if so, on what lines does its routine require alteration ? I have read in the editorial columns of The Medical Officer that diagnosis of disease is not part of the work of school inspections. If this is so, we need say no more about it, but if the school service has a higher ideal for itself than this, what shall it do to enable it to detect the rheumatic child ? Evidently it will need to turn its "inspections" into examinations; to interview parents; to have facilities for examining a heart when the child is lying down as well as standing up. How these things are to be done, if they are to be done at all, I do not know; I only state the bald fact that until they are done the rheumatic school child will go on being missed as at present.
Treatment.-Unless re-examinations can be frequent, the supervision of rheumatic children should not, in my opinion, be part of the duties of the school medical service. As regards treatment, I agree absolutely with the verdict of the British Medical Association's Report which was to the effect that no one should undertake this who has not at hand the facilities for dealing with every emergency that may arise in a rheumatic case. To draft these children to minor ailment centres and the like is to fail to appreciate anything of the real nature of the disease and would, I am sure, be a disaster. The treatment must be left to practitioners and hospitals available at any time, and ready to deal with any acute rheumatic manifestation, however sudden or severe.
The Pathogenesis of Rheumatic Fever in its Climatological
Relationship to a Possible Insect Carrier. By J. TERTIUS CLARKE, L.R.C.P., M.R.C.S.
ABSTRACT.-A short while ago a special sub-committee of the British Medical Association [1] sat to inquire into the problem of rheumatic heart disease in children, and suggested, among other conclusions, that the material. for any accuirate world map of the incidence of rheumatism was probably not available. My objects in presenting this paper are:
(1) To provide data for this map.
(2) To show that the geographical distribution of rheumatic fever coincides with that of the common rat flea, Ceratophyllu8 fa8ciatu8, and
(3) To suggest that this disease is caused by a protozoon, spirochmete or allied organism, which is carried by that flea.
MY chief claim to a hearing on this subject is rather a curious one, but is explained by the nature of my evidence. It is that I am totally ignorant of the disease. During more than thirty years of service in the Malay Peninsula I have seen 100,000 in-patients and probably as many out-patients, including natives from all over China, India, Malay, Java and Ceylon; Eurasians of varying descent, and Europeans. Yet I have never seen either typical rheumatic fever, chorea or subcutaneous nodes; nor have I ever found mitral stenosis post mortem.
Since I consider that the word " rheumatism " is of no more value in diagnosis than " febricula," " anamia," or " P.U.0.," I am avoiding its use in this paper.
GEOGRAPHICAL DISTRIBUTION OF RHEUMATIC FEVER. Although lumbago and sciatica occur in both Europeans and natives, I should say that they are less frequent in Malaya than in England, and my experience is that men remain supple to a much greater age in the tropics than they do at home. I knew a man who nearly won the hurdles in his fortieth year and of an elderly lady who was a cripple from osteo-arthritis in England and was so much better in Malaya that she refused to return home. It is a significant fact that the heading " rheumatoid arthritis " has disappeared from the official returns of the Straits Settlements and Federated Malay States and does not appear in those of the Panama and of the United Fruit Companies. Inflamed tonsils, however, are as common in the tropics as in England.
The reason why I dismiss these conditions so briefly is my strong opinion that, until the cause of rheumatic fever is known, attempts to relate it with the various forms of pain which are popularly called " rheumatic" simply confuse the clinical issue, as they have undoubtedly confused the geographical one. By rheumatic fever I understand a certain disease with a fairly well-defined syndrome. I have been looking for this disease for thirty years both clinically in hospital and in Government reports, and have come to the conclusion that it does not exist in the tropics at or about sea-level. I think it only fair, moreover, that any evidence of its occurrence in these regions should be based on absolutely definite diagnosis. I stress this because a certain number of observers have reported rheumatic fever from the tropics and I know how extremely easy it is to make mistakes.
Any form of septic or toxic arthritis is readily confused with rheumatic fever. A swollen joint accompanied by fever may be due to manv different causes; for instance, the aneemia of ankylostomiasis and the fever of malaria, when they occur in conjunction, may be associated with swollen joints and cardiac murmurs. Swollen joints and cardiac murmurs, again, not infrequently follow dysentery. Typhoid fever sometimes assumes a rheumatic form [21, and cerebro-spinal fever has been known to simulate rheumatic fever [3] . Castellani states that the after-effects of a typical attack of dengue may be clinically indistinguishable from polyarthritis of rheumatic origin [41, and cases of subacute osteitis may be accompanied by a cardiac murmur and have been mistaken for rheumatic fever. Sir D'Arcy Power [51 has recorded two cases of trichinosis diagnosed as acute rheumatism. A case of alleged rheumatic fever in the tropics was published in the Lancet some ten years ago [61, but I myself saw this patient and did not agree with the diagnosis. The condition did not correspond with the recognized syndrome of the disease. In assessing the value of the evidence of returns, it must be remembered that many cases are diagnosed by native assistants, who are obliged to give a diagnosis but are not necessarily very competent. As I have contended before [7] , most tropical stations habitually return "zero" for rheumatic disease, and the remainder report so few cases diagnosed as valvular disease of the heart that these few are more likely to be errors of diagnosis than real cases.
By "tropics" I mean strictly that area between the latitudes of 230 28' N. and S. It is common to speak of the whole of India as "tropical," but in actual fact only about one-third of the peninsula and only a very small part of China are within the zone. Moreover, only about one-half of tropical India is at or about sea-level. I have little information about the highlands of the tropics, but what I have indicates that rheumatic fever does not occur there either.
I will give a few figures to illustrate the rarity even of alleged rheumatic fever. During the period 1912-17 I received, as Registrar of Births and Deaths for the State of Perak, 97,914 records of death, in a mean population of 548,606. Not one death was attributed to rheumatic fever. The combined returns from the hospitals of the Federated Malay States, Singapore and Penang for 1925 showed 143,983 cases treated as in-patients. Two of the cases were called chorea, and ninety-three, or 0 * 08 per cent., were diagnosed as rheumatic fever. The corresponding figure for St. Bartholomew's Hospital is 2 19 per cent. and for St. Thomas's Hospital 1 8 per cent. The number of cases of mitral disease, kind not specified, was 349, but since neither I myself, nor Dr. J. T. Duncan, nor Dr. W. Fletcher, both very capable pathologists, ever saw a case of mitral stenosis at autopsy, I think it improbable that any of these were cases of true mitral stenosis. Septic and infective endocarditis are seen in the post-mortem room.
Drs. David and Beatrice Carrier Seegal [8] showed clearly in a recent paper how the incidence of rheumatic fever in Canada and the United States decreases as the tropics are approached (see fig. 1 ). Out of very considerable total figures the number of cases returned as acute rheumatism from the plantations of the United Fruit Company and other places in the tropics, such as Nigeria, is so small or the ratio of the number of heart cases to the number of cases of rheumatic fever is often so different from the ratio which pertains in countries in the temperate zones, as to raise a doubt of the diagnosis, unless the patients have come from outside.
From Calcutta, which is just inside the tropics, only one doubtful case has been recorded in 4,800 post-mortem examinations during the last thirty-seven years; this, says Sir Leonard Rogers [9], is " a striking confirmation of the practical, if not complete, absence of rheumatic fever in Bengal." I submit that these figures and my own observations show that rheumatic fever does not occur in the tropics. THE GEOGRAPHICAL DISTRIBUTION OF THE RAT FLEA, Ceratophyllus fasciatus.
As I mentioned in a previous paper [10], the common rat flea of northern climes, Ceratophyllus fasciatus, has not been found in the tropics. This is confirmed by Dr. Jordan, of Tring, who says that the habitat of the species extends roughly from the Azores to Asia Minor, from Cyprus and Italy northwards to Scotland, North Russia and Scandinavia, and thence eastward, probably over Siberia, to Japan. It is also found in Cape Town, on the southern coasts of Africa, and all over North America as far south as latitude 300 N. [11] . It is found on the south coast of Australia, but not in the centre or north [12] . According to Drs. Jordan, Darling, Dunn, Carrol Fox, and Hirst, it has not been found in the tropics. Its distribution, in fact, corresponds with that of rheumatic fever; neither is found in the tropics, but both are common in temperate climates. The common brown rat is somewhat similarly distributed but is becoming more widely spread.
Fleas [13] are delicate animals and susceptible to temperature and moisture, and the reason for the absence of this species from the tropics is purely climatological. Its optimum temperature is about 60°F., and the minimum temperature of the tropics is undoubtedly lethal to it. The mean of Malaya is 790 or 800 F., and the yearly range is not more than 260 F. This is a fairly representative tropical climate, and Ceratophyllus fasciatus cannot stand such temperatures for long. Its upper limit for continued existence seems to lie at about 70°F., which in England is only reached for a few hours at a time. The flea requires humidity for all its life phases, but not too much, and in its larval and most delicate state a wet skin kills Year 3915 1916 Year 3915 1917 Year 3915 1918 Year 3915 1919 Year 3915 1920 Year 3915 I82 1922 Year 3915 1923 Year 3915 1924 Year 3915 1925 Sir Arthur Newsholme [14] showed that a high level of ground water was inimical, and a hot, dry summer favourable, to the occurrence of rheumatic fever. The larva of Ceratophyllus fasciatus would be killed or would thrive according to which of these conditions prevailed. Recent reports confirm many observations that the peak of the disease occurs in the latter part of the year, that it is a disease of towns rather than of the country, that it occurs mostly among the poor, and is most frequent in damp houses and those situated at low levels and near water, in basement and lower rooms. These environmental conditions are favourable to rats and therefore to a large extent are those which encourage rat fleas. Another flea-borne disease-plague-was a disease of the poor and lowly. An exception to the rule that rheumatic fever is prevalent in low-lying houses near water is provided by the schools of Eton and Beaumont [151, but at these institutions the rat, and therefore its flea, would hardly be tolerated. The long life of Ceratophyllus fasciatus, sometimes more than 600 days, may explain Sir Arthur Newsholme's statement that the disease follows one, and more especially two hot summers, and suggests that the incidence may depend on the meteorological conditions of the earlier months rather than on those of the latter half of the year. It is generally agreed that rheumatic fever is a disease of the later months of the year, and also that the peak of the flea incidence is in September, but the rise of both curves begins early in the year. Both are at a minimum in February or March, and the disease reaches its maximum in October and November, after a maximum flea incidence in July, August and September (see figs. 2 and 3).
A PROTOZOAN CARRIER.
One who has spent most of his life in the tropics tends to think in terms of insect carriers when faced with a disease of disputed origin. Moreover, and especially since few bacilli need an alternative host, he will think of a protozoon or of its near relative, a spirochwete.
Drs. Coombs and Poynton [161 point out that " the anatomical features of the human reaction to rheumatic infection are sufficiently constant to justify the belief that the cause is a specific infective agent of constant virulence." They admit that the serological tests on the organisms suspected up to date have not helped them to form a conclusion, and point out that "the human lesions are conspicuously proliferative, and importation of cells from a distance is a subsidiary feature." The histological structure of Aschoff's bodies recalls the histo-pathology of syphilis, sleeping sickness, Delhi boil and malarial spleen, rather than the diseases and lesions which are caused by streptococci.
My reasons for thinking that rheumatic fever is not caused by a bacillus are as follows: Parasitology, 1913, vi, 10.) (1) In 30 per cent. of the cases no bacillus of any kind has been found.
(2) No bacillus found has ever fulfilled, even partially, the postulates of Koch.
(3) Those which have been incriminated differ considerably in their characteristics and give no serum reactions.
(4) All experimental attempts to produce the characteristic pancarditis have failed.
(5) All bacilli are of world-wide distribution but rheumatic fever is not. Now the disease is obviously specific and obviously due to a living organism. if, therefore, bacilli are ruled out, as I think they should be, I submit that there is strong presumptive evidence for suspecting a protozodn as the cause. Protozoa, uinlike bacilli but like rheumatic fever, are unevenly distributed in the world, and the lesions of the disease are formative and proliferative rather than exudative. The slight leucocytosis of rheumatic fever is, apparently, mononuclear T[17. Moreover, since the geographical, climatological, meteorological and local conditions which favour the incidence of rheumatic fever also favour the multiplication of Ceratophyllus fasciatus, it is reasonable to suggest that this flea is the host of a protozoon or spirochtete which is the organism responsible for the disease.
I cannot claim to have proved anything, but have shown some coincidences, and I believe that the facts are so striking as to be worthy of further investigation.
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[15] Medical Research Council, Special Report Series, No. 114, " Social Conditi.ms and Acute Rheumatismi." [16] COOMBS, C. F., and PoYNTON, F. J., Brit. M1ed. Journ., Supplement, 1926 (ii), 13-15. [17] Bosc and CARRIEr, Comiptes rendus Societi dle Biologie, June, 1913 , lxxiv, 1338 Discussion. -Dr. S. MONCKTON COPEMAN (the President) said that they had made somewhat of a new departure by having, on the same evening, two papers dealing with the same subject, though frosll different aspects. Each of these had been of much interest, and with regard to that by Dr. Tertius Clarke, he regretted that Professor Major Greenwood, whose criticism of it froni the statistical point of view would have been specially valuable, was unavoidably absent. The views expressed in Dr. Reginald Miller's paper as to the distribution of rheumatism in the various social strata were both novel and interesting, but further research was required before his conclusions could be considered as definite]y established. It would be generally admitted that the influence of cold and damp in predisposing to incidence of rheumatism was considerable, but in the course of official inspections in rural districts in whieh rheumatism was by no means unduly prevalent, he (the President) had not infrequently come across numerous instances of dampness of dwellings far worse in degree than any that he had met with in urban districts. It seemed, therefore, that some other factor must also be concerned, in addition to that on which Dr. Miller had laid such special stress.
Dr. J. A. GLOVER said that the pioneer work of Dr. Miller had ranked him as one of childhood's benefactors. He (the speaker) was not, however, in full agreement with many of Dr. Miller's contentions. He did not believe in that view of the class incidence of acute rheumatisin which Dr. Miller had described whereby, although rheumatic infection was a disease of the poor, it was not a " poverty disease" in the strict sensp, being less common in the poorest than in the upper strata of the poorer classes. This view had arisen chiefly froIml two facts: (1) that so much of the pioneer work on ehild rheumatism had been done in this country by the physicians at Great Ormond Street and other West End hospitals and clinics, and (2) that the very poorest did not bring their children for attention until they were really seriously ill, and hence would not attend rheumatic clinics or out-patient departments for the milder manifestations of rheumatism. On the other hand, to these clinics and to the outpatient departinents of the children's hospitals the careful parents belonging to the upper strata of the poor classes brought their children, often with the less acute manifestations of the infection, and this fact had had a selective influence upon such series of patients as Dr. Miller's.
Whilst Dr. Still appeared to favour Dr. Miller's contention in his conclusions in the Medical Research Council's Report on Social Conditions and Acute Rheumatismi, founded upon the observations of three groups of observers, one in Glasgow, one in Great Ormond Street, and one at St. Thomas's Hospital, he (Dr. Glover) contended that the actual results shown in Table 21 (p. 46) and Table 22 (p. 48) for St. Thomas's Hospital showed that the proportion liVing under good conditions in the rheumatic was lower than in the control, although the difference was not sufficient to be regarded as significant. The conditions in Glasgow were so different from those in London, and the conclusions of the observers so guarded that there was no real support for the theory in them, whilst at Great Ormond Street no data for control children were prepared for comparison with those for the rheumatic children.
A table giving the admissions of children for acute rheumatism, chorea and rheumatic carditis to all the London infirnaries' in 1926, proved that the admissions in the poorer neighbourhoods were much the more numerous. In Poplar, for example, they were more than ten times more numerous than in Marylebone, with about the same number of beds in each institution. He also drew attention to Cardale's work,' and to American work on the relation of acute rheumatism and malnutrition.
He agreed with Dr. Miller as to the importance of dampness in houses as an etiological factor, but thought, in his desire to emphasize its importance, that Dr. Miller somewhat depreciated the value of other equally important factors, such as poverty and overcrowding.
He thought, for example, that the high attack rates for rheumatic fever shown by Dudley2 for the Royal Naval Training Schools at Greenwich and Shotley (compared with the attack rates of the Poor Law Homes given in the Medical Research Council's Report, p. 84, and with that of the elementary school children of London generally) showed the importance of infection in overcrowded sleeping quarters as a factor.
With regard to the influence of habitation near rivers or old river beds, there appeared to be a good deal in it with regard to towns, as in such habitations the poorest classes almost always dwelt. The point was an elusive one. Dr. M. Young's3 map of organic heart disease in England and Wales showed the fen district of the Ouse in Cambridge and Huntingdon to be one of the two areas (the other being Surrey) of lowest incidence. The President, he was sure, would agree that in this fen area there was much damnp and defective housing, as well as the fen siting of the houses, with dyke, ditch and river on every side, yet rheumatic carditis was infrequent.
Dr. SHRUBSALL said that the work of Dr. Jean Gilmour (Dr. J. R. F. Shrubsall) based on observations in the course of school inspections showed that there was a somewhat greater frequency of cases of rheumatisin and rheumatic heart disease in those districts which were adjacent to the courses of old rivers now diverted underground. Of other associations the closest were with the presence of enlarged tonsils and adenoids, and with insufficient clothing. The areas in which cases were found were often poor, but not by any means always the poorest. A striking feature was that in Jewish schools there were always fewer cases even in poor areas. This, the investigator thought, was associated with the greater care, better feeding and more careful clothing of the Jewish children, who were less likely to remain in the streets at all hours regardless of the weather or to sit about at home all evening in wet things. In other words, while the houses of the Jews had some degree of home comfort, the houses of the true Londoner seemed at that date to show no effort for comfort. This state of things had to some extent changed since the date of Dr. Gilmour's research.
Dr. J.NAIRN DOBBIE said Dr. Miller had suggested that rheumatic children should not be removed 30 or 40 miles; during the last year the L.C.C. had sent 170 children to Carshalton and Highwood by ambulance-Carshalton was 13* miles and Highwood 19 miles from the Mansion House-a third of these children had gone direct from one or other of the large general hospitals and in no case had there been untoward results.
With regard to age incidence. It was only in handling a large nunmber of normal children (entrants between the ages of 3 and 5 years) that the beginnings of rheumatism could be seen. He (the speaker) had reported (L.C.C. Annual Report, 1924) on the type of young child who later developed rheumatism. It was the "nervous child," so graphically painted by Sir George Newman inhis Annual Report for 1926, that provided the soil in which the seeds of rheumatism took root. It was not the " catarrhal " child for, although the tonsils were almost invariably enlarged and inflamed-the enlargement was often not very noticeable clinically, and adenoidal growths were seldom a feature-while exudative conditions of mucous membrane were rarely seen in rheumatic children. It was surprising that environment was now so widely held to be the sole influence in establishing disease. Environmental factors no doubt supplied the immediate causes but they acted on a constitution already biased in one or other direction. How otherwise can we explain the liability of one person to develop pneumonia and another rheumatic fever when exposed to a severe wetting or chilling?
In 100 cases of rheumatic children in which he (the speaker) had personally investigated the heredity and the social and environmental factors, sixty-six gave an immediate family history, eleven more gave a history in close collaterals, and in only twenty-three cases could no history be obtained. Deaths from rheumatic hearts or rheumatic fever were reported I L.C.C. School Medical Officer's Report, 1911, p. 159 . S. F. Dndley, " DropletIlfection3," Speciail Report No. 111, Medical Research Couancl, p. 44. Lancet, 1925 (ii) , p. 590. AP-EP 2 * in four parents below the age of 45, and four brothers or sisters had died from the same disease.
Dr. Glover had shown some of the weaknesses in the theory that rheumatism was not a disease of the very poor. In school work there was the greatest difficulty in getting slum children to go to residential and convalescent homes. Such children used to a haphazard life of squalor and misery took badly to a regular and wholesome regime. This constant condition of poor nurture was the normal in such homes and as the parents did not realize that such conditions were abnormal the children do not attend hospital. Moreover, their survival value was very low and only the fittest of them reached school age. They escaped from their adverse home conditions as they spent their waking hours in the street, meagrely clad, so that air and such sunshine as there was had its beneficial effects, and they were fed in school. But even so, in his (the speaker's) 100 cases, thirty-five children had come from "slumdom" and a further fifty-three were borderline slum dwellers, so that rheumatism in London children seemed to be largely an expression of the poverty of their homes; a factor such as dampness seemed merely one of many adverse influences which destructively converged on these unfortunate children.
If rheumatism was simply the expression of adverse environmental factors, prevention would appear to consist in bridging the gap between the Maternity and Child Welfare Scheine and the School Service by opening Nursery Schools run on open-air lines in which the incipient or pre-rheumatic child might escape for five or six hours a day from the devitalizing influence of his wretched home.
[The speaker, in conclusion. suggested that school medical officers would be highly honoured if Dr. Miller would visit the schools and see the work that was done.] Dr. MILLER (in reply) said that our knowledge of juvenile rheumatism in rural areas was so scanty and unreliable that he would prefer to leave unanswered the President's question as to the distribution in these districts. Dr. Nairn Dobbie had spoken as one knowing the disease practically, and his criticisms were most welcome. He (Dr. Miller) did not acquiesce in Dr. Dobbie's view on the rheumatic diathesis, and regarded the so-called "prerheumatic " and " pre-tuberculous" children as early and latent cases of those infections. Dr. Glover's figures from the infirmaries could not be accepted as proof of his point, nor should he (Dr. Glover) be allowed to show Dr. Young's map, which its author regarded as demonstrating the influence of cold and damp on rheumatic heart disease, as demonstrating the exact opposite. The real question at issue was the point of the class-incidence of rheumatic infection in children. It could be stated thus: Poverty was obviously a predominant factor, but was it the only factor which determined the incidence of rheumatism in the poor and also the distribution of that incidence amongst them? If so, then the disease must coincide with poverty, high invalidity-rate, overcrowding, destitution, and so on. If not, if damp was an additional factor of real moment, then a difterent distribution of rheumatism amongst the poor would be found. He himself held that it had so been found, but rather than argue over the results as yet obtained we should try to settle upon what test we could agree to place reliance. He (the speaker) thought that the only satisfactory test was the study of the distribution of rheumatism in towns and comparatively small areas, to see if the "poverty map " and the " rheumatism map " coincided, or if, as Thomson had found in Birmingham, the influence of water-courses caused the rheumatism map to be to some extent different from the poverty map. No one denied that juvenile rheumatism was common in every grade of poor families.
[In conclusion, Dr. Miller referred to the immense amount of detailed knowledge of the disease which had been acquired amongst clinical physicians and expressed the hope that the work to be done on the public health aspects of rheumatism would be founded upon the knowledge already available to public health workers. Let there be in this disease no gulf between bureaucratic medicine and clinical medicine.]
Dr. CLARKE (in reply) said that all that he had heard confirmed him more strongly in his rat-flea hypothesis, and submitted that the small amount of the disease in Holland was due to heating the houses with anthracite stoves, which produced heat and dryness, both being inimical to the larvme of Ceratophyllus fasciatus, which required a low temperature and a high relative humidity. The map shown by Dr. Glover supported his theory, as the industrial North would be the home of Ceratophyllus fasciatus, whereas in the agricultural Eastern Counties this flea was largely replaced by Ctenophthalmos agyrtes, which did not bite man.
